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Severa l  r ecen t  observations [l, 23 have shown that the  

e m i t t e r s  conta in ing  barium n i t r a t e  (or potassium n i t r a t e )  and 

aluminum, i g n i t e d  a t  an a l t i t u d e  of more than 95 Bm, provided at 
t w i l i g h t ,  by way of  o p t i c a l  resonance, a n  in t ens ive  luminosi ty  due 

t o  Ba (or K) and A10.  

The fast N a  and A l O e m i t t e r ,  which we r e a l i z e d  as compact 
a6 possible ,  is based upon t h a t  p r inc ip l e .  

We manufactured i n  cooperation with J. Lagrange of t h e  

"Centre d 'Etudes du Bouchettt, a t i g h t  emitter conta in ing  a mixture 

of 7 kg of aluminum and 6 kg of sodium n i t r a t e ,  compressed at  

25 kg/cm2. 

1964 at  18 23 hours UT (solar depression 6O3O'), t h i s  emi t t e r  gave 

a t  177 km a l t i t u d e  a very luminous orange and green cloud, v i s i b l e  

during the  emtire tw i l igh t .  

Placed aboard a Centaur rocke t ,  f i r e d  at  Mamnaguir on 9 Feb. 

Being o p t i c a l l y  thick,  the  sodium cloud d id  not  a l l o w  t o  
obtain temperature measurements beginning with the  width of the 
doublet D; the  t w i l i g h t  f luorescence of AI.0 gave, t o  the  cont ra r f ,  

a good measurement of k i n e t i c  temperature. 

* Mesure de l a  temphrature de l ' ionosphere a partir de l a  f luorescence 
c rhpuscula i re  de monoxyde d8aluminium. 
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We have followed w i t h  the  a i d  of a photometer [3], the  
v a r i a t i o n  in time of the i n t e n s i t y  of sequences A$=- 1.0 and +1 

of the  t r a n s i t i o n  x+ - x+ of AlO. Each of them w a s  measured by a 
photomult ipl ier  preceded by an i n t e r f e r e n t i a l  f i l t e r  and Q te lescope,  

whose f i e l d ,  limite;. by a diaphragm, c u t  at  the  center  of the  cloud 

an approximately c y l i n d r i c a l  volume. We a s s i m i l a t e  the  cloud t o  a 
d isk ,  of which we observe the c e n t r a l  p a r t ,  and this br ings  u6 t o  a 
problem of plane diffusion.  On the  o the r  hand, we pos tu l a t e  that t h e  
t o t a l  number rJ of molecules A 1 0  is constant ,  which impl ies  t h a t  t he  

molecules A l O ,  formed in the course of the  r a p i d  chemical reaction 
( a  f r a c t i o n  of a second) 

S O ,  N U  +- 3 AI + Ne + 3 AI 0 + 1/2 N,. 

do no t  react with t h e  atmosphere. 
The 

N being the  

ters  a t  the  

d i f fus ion  equation w i l l  then be writ ten: 
N 

T((r,  f )  7 e-+/tAt. 
h A t  

/ 

t o t a l  number of  emi t t e r s ;  n ( r , t ) -  the  number of emit- 
time t i n  an elecient of u n i t  surface s i t u a t e d  at  the  d is -  

tance 1: fro3 the cen te r  of the cloud; A is the d i f fus ion  coef f ic fen t .  

W e  have f o r  the  

The te lescopes '  
10 

the o t h e r  hand A < 10 

I f  the cloud is 

observed e n t i r e  c e n t r a l  disk: 

f i e l d  w a s  i n f e r i o r  t o  h e ,  and r 4 500m; on 
and, 1 minute after the  emission, we may write 

7rr' 
n(f) N N .- 

2At.  

o p t i c a l l y  th in ,  n (t) i s  propor t iona l  t o  the  

l i gh t ing .  It may be seen in Fig.l t h a t  the curves 1 and 3, correspond- 

ing t o  sequences dv' = -1 and + 1, are hyperbolae indeed, which jus- 
t i f i e s  our hypothesis  on t he  s t a b i l i t y  of AlO, and shows t h a t  the 

cloud was o p t i c a l l y  t h i n  for these sequences; on the  o t h e r  hand, the 



l i g h t i n g  of the sequence h ' = O  (curve 2) does not follow immediately 

a hyperbol ic  dec l ine ;  t h i s  sequence was s a t u r a t e d  in the course of the 

first minutes following the emission. 

EIEASUREMENT OF TEMPERATURES 

Me have a l ready  given the  

p r i n c i p l e  of our measurements and 

descr ibed the spectrographs S.G.O. 
and B.E.O.S.C., u t i l i z e d  in [3,4]. 
Besides,  we disposed of a monochro- 

mator and  of  a two-way monochromator- 

photometer, whose r e s u l t s  are now 

being  processed 

1 )  Vibra t ion  Temperatures 

a )  Spectrograph REOSC. - 
!'Je 05 t a ined  two  u t i l i z a b l e  

s p e c t r a  o f f e r i n g  the c h a r a c t e r i s t i c  

t r a n s i t i o n  bands L' -E+ of A 1  0. 
Table 1 h e r e a f t e r  gives  the in ten-  

s i t y  r a t i o  of the  band heads of the  

sequences a V =  - 1 and hV'= + 1, and 

a l s o  the corresponding temperaturee. 

40 

x 

2( 

x 

C 

Light ings i n  a r b i t r a r y  
UIlit6 

Curve 1 66quence Av.+l  
Curve 2 :siquence Av= 0 
Curve 3 : &quence Av:-1 

of t w i l i g h t  

Fig. 1 

TABLE 1 
He have a l s o  measured 

on t he  sequence Av= + 1 of 

the spectrum No.2 t he  ra t io  
of p lan imet r ic  areas of t h i s  

sequence's bands by extrapo- 

la t ing t h e  end of ranches P, 
so as t o  take account of t he  
overlap (Fig. 2). W e  have found: 

.I.. 
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Bands 1 - 0  2 - 1  3 - 2  
a reas  100 42 11 

say, a temperature of 75OoK,  which j u s t i f i e s  experimentally the v a l i -  

d i t y  of the  measurements made by comparing the  i n t e n s i t y  of band head6 

(remark by I). C, 'Pyte C51). 

o f f e r  sequences hU== - 2, - 1, 0 and + 2 of the t r a n s i t i o n  

and the sodium doublet. Two them, taken from the cloud's periphery,  

a l s o  o f f e r  at A 3.961.5 ;\the band 0 - 0 of the t r a n s i t i o n  - 'z 
of the molecule A l B .  We measured l i g t h i n g  r a t i o  of the  band heads 

1 - 0  and 2 - 1, p l o t t e d  as a funct ion  of time i n  Fig, 3, 
our spectra .  

b) Spectrograph S,G.O. - 19 s p e c t r a  were taken. These s p e c t r a  
z-xof A10 

on 10 of 

'I II 

3.2 4-3 8 
4720 

Fig. 2 

c)  Type- Ebert  and Fastie Monochromator C63. This  device 

includes : 
- a  d ispers ive  system cons t i tu ted  by a n e t  of 600 strokes/mm 

of 100 mm i n  diameter (5000 A i n  the 1st o rde r ) ,  

- a mirror  300 mm i; l  diameter, 
- a  r ece ive r  composed of a photomult ipl ier  EM1 with a t r i - a l c a l i n e  

l a y e r ,  cooled by the P e l l e t i e r  e f f e c t ,  

- an i n l e t  and an o u t l e t  s l o t .  

... the resonance line of Al and at 
C * J  i n s e r t  ; 4 4.242 A . ... 



T h e  scanning of t h e  netvork is aseured by a two-phase synckro- 

n o m  motor with two--Far operat ion (1@00 i/minute). 

50.- 

30- 

Light ing r a t i o  of 
band heads 1- 0 end 2-1(?6) loo I 

S .G .O. spectroyraph 
which we give an example i n  Fig.  CcrreEFonding 

- te..,oer?tures 4 with a 2 i  r e so lu t ion .  The 
-9900'K 

4 o . @ I I I I  I =87@ 
-600 

l i g h t i n g  r a t i o s  of t h e  band 
heads of t h e  sequence hW= + 1 
and of planimetr ic  a r e a s  on 

enlargment of these  sequences rgar  +&&A 

c are suhmarized i n  Fig.5. The 
%%tion du nuage title i n  n;inutes d .  ~ 

This  device has given u6 

every 45 seconds a spectrum of 

3: Avz-1 - Av=+? I 
2.- 

Fig. 3 coincidence of t hese  two measu- 
rements confirms t h e  remark 

The measurements mde  ovsr t h e  sequence &=-1 are unexploi table ,  as 

being too  dispersed. 

2 )  Rotation Temperature 

Because of cloud's o p t i c a l  t h i ckness ,  only measurements made 

4 minutes a f t e r  t he  cloud appearance are va l id .  

The canparison of t he  branch P of t h e  band 0-0 of t h e  2nd 

spectrum obtained with the  a i d  o f  t!ie REOSC spectrograph with t h e  



c a l c u l a t e d  t h e o r e t i c a l  F r o f i l e s ,  g ives  a temperature comprised between 

600 and 7000K. 
For t h e  monochromator r e 3 i & t r a t i o n s ,  w e  have measured t h e  r a t i o  

of t h e  i n t e n s i t y  maxiiturn of the  branch P of t h e  band 0 - 0 ,  t o  t h a t  of 
t h e  minimum, w h i c h  w e  c o n s t a t l y  f i n d  at  4. 362 2 1.5 1. The values  of 

t!-,is r s t i o  and the  corresponciinc t e i r  . e ra tures  are p l o t t e d  i n  Fig.6.  
The good reproductiveness of t he  me7.surements does not  exclude the  pos- 

s i b i l i t y  of a sys temat ic  e r r o r .  

L ight ing  r a t i o  of bands 
2-1 and 3-2 (:6 Of band 1-0) 

band heads 
band areas 

Lonochrometor cor resp ,  
t e npe r a t  . 

0 1 2 3 4 5  

m, I Light ing  r a t i o '  (%I 
branch P band 0-0 €-/E- 

FIonochrom. corresp.  
temper at  . 

F ~ T .  6 

The good arreement of our measurenents made by t w o  methods 

w i t h  d i f f e r e n t  devices  d l o w s  a p rec i se  measurement of t h e  temperature 

at 1'77 km : 

The payload u t i l i z e d ,  easy t o  r e a l i z e ,  must allow a simultaneous 
measurement of t he  tempersture over t he  width of the sodium doublet  by 

nine t e n t h s  of sodium n i t r a t e  load  by potassium n i t r a t e .  

* * +  T H E  E N D  * * *  

Manuscript received on 
23 May 1964, 
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